Discrete dynamical systems over the field of p-adic numbers are considered. We will concentrate on the study of periodic points of monomial and perturbated monomial system. Similarities between these two kinds of systems will be investigated. The conditions of the perturbation and the choice of the prime number p plays an important role here. Our considerations will lead to formulas for the number cycles of a specific length and for the total number of cycles. 'Ve will also study the distribution of cycles in the different p-adic fields.
Introduction
Discrete dynamical systems have a lot of applications, for example in biology and physics, [7] . Dynamical systems over the p-adic numbers (see for example [11] and [2] for a general introduction to p-adic analysis) can also be used for modelling psychological and sociological phenomena, see [7] and [6] . Especially, in [6] a modell of the human memory, using p-adic dynamical system, is presented.
The most studied p-adic dynamical systems are the so called monomial systems. A (discrete) monomial system is defined by a function f (x) = x'~.
In [9] there is a stochastic approach to such systems. In [10] dynamical systems (not only monomial) over finite field extensions of the p-adic numbers are considered.
By using theorems from number theory, we will be able to prove formulas for the number of cycles of a specific length to a given system and the total number of cycles for monomial dynamical systems. We will also investigate the number of cycles of a specific length to a system for different choices of the prime number p. Here some remarkable asymptotical results occur.
We will also study perturbated monomial dynamical systems defined by functions, fq(x) = xn + q(x), where the perturbation q(x) is a polynomial whose coefficients have small p-adic absolute value. We investigate the connection between monomial and perturbated monomial systems. In this investigations we will use Hensel's lemma. As in the monomial case and n E N such that ?~ ~ 2. In [7] there is an extensive investigation of these systems. Most [7] we find the following theorem about the existens of cycles. We have the following relation between mj, N(n, j, p) and K(n, j, p) mj = N(n, i, p) = 2K(n, i, P). (2.4) ilJ zh
Here follow some more facts about the monomial systems: = p*(n). Proof. Since gcd(n,p*(n)) = 1 it follows from Theorem 3.6 that n03C6(p*(n)) -1 (modp*(n)). It is then clear that there exists a smallest such that 1 (modp*(n)) and (n) 03C6(p*(n)). (It is also true that ) /?(?* (~)).) Hence p*(n) ( -1 and the theorem follows. ll Theorem 3.9. Let p > 2 be a fized prime number, let n > 2 be a natural
Proof. We first prove that N(n, r, p) = 0 if r > r(n). Since I, p -1) = p*(n) and every mr = p*(n), r > it follows from Theorem 2.5 that N(n, r, p) = 0.
Next we want to prove that if r f f(n) then N(n, r, p) = 0. Let dl be a divisor of p* (n). Let q be the least integer such that n~ -1 = 0 (mod Ll ) . Since = 1 (modp*(n)) it follows that 1 (mod l1). By the division algorithm we have f(n) = kq + rl. This implies that 1 == nkq+rl -(nq)knr1 -nrl (mod l1).
Since q was the least non-negative integer such that 1 (mod l1) it follows that rl = 0. That is q ~ r(n).
The only possible values of are the divisors of p* (n). In the paragraph above we showed that the least number q such that gcd(nql,p 2014 1) = li, where l1 | p*(n), must be a divisor of r(n). Hence if r f r(n) then N(n, r, p) = 0. We will prove that the asymptotical inclination is in fact a constant and that this constant can be expressed rather easily. We will prove the following theorem: We then have
where is Möbius function.
Before we start to prove this theorem we need some results from number theory. We will use the arithmetical functions cp, ,u and r.
We first recall some simple connections between cp and which will be useful to us later on, see [1] . . The proof of this theorem can be found in [4] , [13] and [1] . . 
A proof of this theorem can be found in [14] .
We are now ready to prove the main part of Theorem 4.2. We state it as a theorem. In [7] there is an extensive investigation of monomial dynamical systems over the field of p-adic numbers, Qp. In this section we will follow the ideas from [7] for investigations of perturbations of such systems. We will use the following theorems a lot. (that is, a fixed point to f {x)) and a ~ a (mod pk+1Zp). = x2 -2. The dynamical system f has only one fixed point (x = 1) on Sl (0). But the dynamical system f q has the fixed points x = 2 and x = -I on Sl (0) . 6 Cycles of perturbated systems In this section we will start to study the dynamical system = x'~ + q(x), (6 = x2 -39/4. We are going to show that f has no cycles of length 2 but f q has one cycle of length 2.
From the fact that gcd(n2 -1,p -1) = 1 we immediately have that f has no cycles of length 2. Since > has two fixed points, x = 5/2 and x = -7/2, and none of them are fixed points to fq(x) it follows that fq has one cycle of length 2. Theorem 6.3. Let p be a fixed prime number and let n E N and n > 2. If p f n there is a least r such that nr -1-0 (mod p) and 2 r p -l. . If r f r then nr -1 ~ 0 (modp).
Proof. . Consider the multiplicativ group I~ _ ~ I, Z, ... , p-1 }, of the field of residue classes Fp. We know that IF~ is a cyclic group under multiplication. Let d be the remainder when n is divided by p, of course d E F*p . Due to Fermat we have cP~"~ 2014 1 = 0 (mod p). That is, there exits r such that nr-1= 0 (modp). Since the set {2,3,... ,p-1~ is finite there exists a least r, say r. It is clear that r is the order of the cyclic subgroup generated by So, the dynamical system f q has no cycles of odd length on the sphere 81(0). The dynamical system f q therefore has cycles of order 2, 3 and 6. If r > 3, r ~ 6 and 14 f r, then the dynamical system f q has no cycles of order r.
To get more information about the cycles of the dynamical system (6. gr ( The conditions in 
